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In this paper, a full account of an earlier report [Takahashi, Okuyama, and Kimura, 
J. Mol. Struct. 249, 47 ( 1991)] on the cation vibrational spectra of truns and gauche 
n-propylbenzene, which were obtained by means of a two-color ( 1 + 1’) multiphoton ioniza- 
tion threshold photoelectron technique is presented. The tram and gauche cations were sepa- 
rately produced by ( 1 + 1’) multiphoton ionization resonant through the St vibronic levels of 
n-propylbenzene in supersonic free jets in which both the tram and gauche isomers exist. 
From the observed threshold photoelectron spectra, adiabatic ionization energies are deter- 
mined as I,(truns) =70 278 cm-’ (8.7134 eV) and I,(guuche) =70 420 cm-’ (8.7311 eV) 
with an accuracy of *8 cm-’ ( f 1 meV) . Furthermore, four benzene ring modes (6b+, 1 +, 
12+, and 18a+) as well as several low-frequency torsional and bending modes have been 
identified which are sensitive to the relative conformations of the n-propyl group with respect 
to the benzene ring [(tram)+: 82, 212, and 300 cm-‘; (gauche)+: 46, 73, 207, and 252 
cm-‘]. The present vibrational assignments of the tram and gauche cations are based on a 
normal mode analysis performed for the tram cation by ab initio calculations. In the present 
work, this technique is demonstrated to be quite powerful for distinguishing the vibrational 
spectra of different cation isomers. 
1. INTRODUCTION 
A supersonic free jet expansion often reduces the com- 
plexity of an electronic spectrum by cooling molecules. 
High-resolution laser spectroscopy for samples prepared 
under jet-cooled conditions involving selective excitation 
followed by ionization should be a powerful method for 
studying organic rotational isomers.’ 
Laser photoelectron spectroscopy combined with res- 
onantly enhanced multiphoton ionization (REMPI) has 
been used to perform excited-state photoelectron spectros- 
copy and this gives rise to the relative energies of molecular 
cationic states.53 REMPI ‘threshold photoelectron’ spec- 
troscopy or so-called ‘ZEKE photoelectron’ spectroscopy 
recently developed by Schlag et ~1.~ makes it possible to 
study molecular cations with higher resolution compared 
to conventional photoelectron spectroscopy. 
In this laboratory, a compact cm-‘-resolution 
capillary-type threshold photoelectron analyzer has been 
developed which can collect threshold photoelectrons 
through a capillary plate in two-color REMPI experiments 
(Ref. 8). During the development of this capillary-type 
analyzer, the analyzer was used to study n-propylbenzene 
which exists in the tram and gauche forms under jet-cooled 
conditions. Threshold photoelectron spectra showing low- 
frequency vibrations which are sensitive to the structural 
conformation of the cations have been recorded for each 
isomer. The tram and gauche isomers of n-propylbenzene 
‘)Present address: Research Institute for Scientific Measurements, Kata- 
hira, Sendai 980, Japan. 
are schematically shown in Fig. 1. They differ in the con- 
formations relative to the l-2 carbon-carbon bond of the 
n-propyl group. 
There have been many papers dealing with infrared 
and Raman spectra as well as electronic excitation spectra 
for neutral substituted benzenes. However, few studies 
have been reported on the vibrational spectra of their cat- 
ions, especially in the low-frequency region. In alkylben- 
zenes, the low-frequency vibrations which are the torsional 
and bending modes of the alkyl chain together with the 
benzene ring should play an important role in IVR as an 
intramolecular vibrational bath. In this sense, it is interest- 
ing to study the vibrational spectroscopy of alkylbenzenes. 
A fluorescence excitation spectrum of n-propylbenzene 
has been reported by Hopkins et al.,’ showing two peaks 
with roughly equal intensity. These two bands have been 
tentatively assigned to transitions of the tram and gauche 
isomers by comparing the number of the attached He at- 
oms in producing the van der Waals complexes of n- 
propylbenzene with He. It has also been reported that the 
splitting of the S1 origin bands of the two isomers is 48.8 
cm-‘, and the S1 origin band of the tram isomer is ob- 
served to higher energy of that of the gauche isomer.’ 
A REMPI TOF photoelectron study of the tram and 
gauche isomers of para n-propylaniline has been published 
by Song et al6 This provides spectroscopic information 
about time-dependent intramolecular vibrational relax- 
ation of two isomers in the S1 states as well as information 
about the vibrational frequencies of several benzene ring 
modes of their cations. 
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FIG. 1. Assumed structures of n-propylbenzene in (a) tram and (b) 
gauche forms. 
An application of the two-color threshold photoelec- 
tron technique to cation vibrational spectroscopy of rota- 
tional isomers has been demonstrated for the first time for 
tram and gauche n-propylbenzene in our earlier report.’ 
The present paper is a full account of our earlier report, 
describing detailed photoelectron vibrational spectra of the 
tram and gauche isomers. Vibrational frequencies have 
been computed for the tram cation by ab fnitio molecular 
orbital calculations allowing comparison with experimen- 
tal values to be made. 
II. EXPERIMENT 
The experimental system used in the present work con- 
sists of (A) a vacuum chamber, (B) a pulsed-nozzle sam- 
ple inlet system, (C) a tunable Nd-YAG pumped dye laser 
system, (D) a total ion-current detector, and (E) a 
capillary-type threshold photoelectron analyzer. 
A. Vacuum chamber 
The vacuum chamber and the pumping system using a 
10 in. oil diffusion pump and a liquid nitrogen trap are 
essentially the same as previously used.7-10 The total pres- 
sure around the photoelectron and ion detectors in the 
vacuum chamber was kept at 2 x 10m5 Torr throughout the 
present experiments. 
6. Sample Inlet system 
A commercial automobile fuel injector was used as a 
pulsed nozzle, operating at 10 Hz. On top of the fuel in- 
jector, a home made conical nozzle was attached to pro- 
duce a supersonic free jet with a small divergence. This was 
necessary to avoid any interaction of the free jet with a set 
of two parallel electric plates in the threshold photoelec- 
tron analyzer. 
A sample of n-propylbenzene (Aldrich), purified by 
distillation under an atmosphere of Nz gas, was heated at 
370 K to obtain sufficient vapor pressure. It was then ex- 
panded with argon carrier gas (2 atm) through the pulsed 
nozzle. 
EM 
FIG. 2. Schematic drawing of our capillary-type threshold photoelectron 
analyzer. Q is the ionization point, P, and Pz are the electrodes across 
which a pulsed electric field is applied to extract threshold photoelectrons, 
P, is the electrode which produces a continuous electric field between Pz 
and P3 to decelerate photoelectrons, and EM is the electron detector. N is 
the conical nozzle. 
C. Laser system 
In the present two-color REMPI experiments, two 
frequency-doubled dye lasers (Quanta-Ray, PDL-1) 
pumped by a Nd-YAG laser (Quanta-Ray, DCR-1 A) op- 
erated at 10 Hz were used as excitation and ionization 
sources. The two lasers were introduced through quartz 
windows from opposite sides of the vacuum chamber, and 
then focused by quartz lenses (f=lOOO mm) on the ion- 
ization region, which is located at 30 mm down stream 
from the nozzle. The laser wavelength was calibrated by an 
Ar/Fe hollow cathode lamp (Hamamatsu Photonics). 
D. Total Ion-current detector 
A simple ion detector with an electron multiplier (Mu- 
rata Ceratron EME-2061B) was used for MPI total ion- 
current measurements to obtain MPI excitation spectra as 
a function of excitation laser wavelength. Total ion-current 
signals were converted to the voltage mode through a fast 
current amplifier (Keithley model 425)) and then averaged 
with a boxcar integrator (NF model 530-A). The MPI 
excitation spectra thus obtained were recorded directly on 
a chart recorder. 
E. Capillary-type threshold photoelectron analyzer 
In the present measurements of threshold photoelec- 
trons, a capillary-type analyzer798 recently developed in this 
laboratory, was used. This analyzer is shown schematically 
in Fig. 2. It consists of a capillary plate (CP: Hamamatsu 
Photonics), a pair of electrodes (P,, P2> to extract thresh- 
old photoelectrons, an electron multiplier (EM: Murata 
Ceratron EMS-6081B), and an electrode (Ps) hold at 
earth potential to shield the electric potential of the elec- 
tron multiplier. The capillary plate used here has a value of 
I/d= 80, where 1 and d are the length and diameter of the 
capillary holes, respectively. (The capillary plate is located 
at 10 mm from the ionization point Q.) 
It is important to apply the electric field in a direction 
as parallel as possible to the capillary holes so that most 
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threshold photoelectrons can pass through the capillary 
holes to reach the electron multiplier (EM). The role of 
the capillary plate is to prevent most of the kinetic photo- 
electrons from reaching the electron multiplier at zero elec- 
tric field. 
F. Threshold photoelectron measurements 
In the present two-color REMPI experiments, n- 
propylbenzene molecules in the free jet were excited to 
specific vibrational levels of the electronic excited Si state 
by the excitation laser (or), and then ionized by the ion- 
ization laser (02). At each laser shot, photoelectrons are 
produced at zero electric field at the ionization point (Q). 
After a certain delay time (typically 500 ns), only thresh- 
old photoelectrons, which are still in the ionization region 
are collected by applying a pulsed electric field to extract 
these threshold photoelectrons to the electron detector. 
Using NO as a test sample, a threshold photoelectron 
spectrum has been obtained which shows the rotational 
structure of NO+ with an energy resolution of 4 cm-’ 
(FWHM). This spectrum was recorded by two-color ( 1 
+ 1’) REMPI experiments through the Rydberg A ‘Z+ 
state at the u’=O, N’=7 level.* 
In the present work, threshold photoelectron spectra of 
n-propylbenzene in the tram and gauche forms were ob- 
tained with an energy resolution of 16 cm-’ (FWHM). 
These spectra were recorded at an electric field of E=4 
V/cm and at a delay time of 500 ns, using a capillary plate 
of l/d=80. In addition, photoelectron efficiency curve of 
these isomers were also recorded at E=25 V/cm. Then, 
adiabatic ionization energies (1,) may be estimated by ex- 
trapolation with the ionization energies (lobs) obtained at 
two kinds of electric fields (E=4 and 25 V/cm), by using 
a linear relationship which shows a Stark effect correction: 
&,=I,-k(E)‘“, where k means a slope, and has usually 
a value of 6. As a result, adiabatic ionization energies were 
determined from the experimental threshold photoelectron 
spectra with an accuracy of f 8 cm- ‘. 
Ill. RESULTS AND DISCUSSION 
A. Excitation spectrum 
A one-color ( 1 + 1) MPI excitation spectrum of jet- 
cooled n-propylbenzene obtained in the present work is 
shown in Fig. 3. It shows several vibrational bands associ- 
ated with the Si state ‘&(rr*), and it can be seen that 
there are three kinds of pairs of peaks with roughly equal 
intensity. This MPI excitation spectrum is essentially the 
same as the fluorescence excitation spectrum reported by 
Hopkins et aL5 
In their fluorescence excitation study, Hopkins et al.’ 
have tentatively assigned the higher-energy band to the 
tram isomer and the lower-energy band to the gauche iso- 
mer, since the former can form a van der Waals complex 
with two He atoms but the latter forms a van der Waals 
complex with only one He atom. Their assignments of the 
trans and gauche isomers have been confirmed from the 
present work on the basis of REMPI threshold photoelec- 
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FIG. 3. One-color (l+ 1) h4PI excitation spectrum of jet-cooled n- 
propylbenzene in the region of the S, -S,, transition. 
tron spectra as well as from normal mode analysis of the 
frans cation by ab initio calculations. 
The first two intense peaks at 37 534 and 37 583 cm-’ 
in Fig. 3 are due to transitions to the origins (0’) of the S, 
states of the tram and gauche forms, respectively. The sec- 
ond pair of two peaks appearing around 38 100 cm-’ are 
due to transition to the 6b’ vibrational levels, and the third 
pair appearing around 38 500 cm-’ are due to transitions 
to the 12’ levels, as indicated in Fig. 3. All these three 
kinds of vibrational bands show almost the same separa- 
tion. 
Assuming that internal conversion of the two rota- 
tional isomers is much slower than the supersonic-jet ex- 
pansion process, the ratio of the band intensities of the 
tram and gauche isomers in the MPI excitation spectrum 
(Fig. 3) should reflect their relative abundance at the noz- 
zle temperature. Using the observed band intensities of the 
S, origins (O$, the ratio (IJ1r) was evaluated to be 1.1 
after correction for the laser intensity. This ratio may be 
used to calculate the relative energies of the two isomers in 
their neutral ground states by using the following expres- 
sion: 
IdI,= exp( - AE/kT), (1) 
where AE is the relative energies of the energy between the 
tram and gauche isomers, and T is the nozzle temperature 
(370 K). From Eq. (1) with (IJIg) =l.l, a value of AE 
=200 cm-’ was obtained, indicating that the electronic 
energy of the neutral ground state of the tram isomer is 
200 cm-’ lower than that of the gauche isomer. This en- 
ergy difference is comparable with that estimated for tram 
and gauche p-n-propylaniline by Song et al6 
B. Threshold photoelectron spectra 
Figure 4 shows threshold photoelectron spectra re- 
corded for both the tram and gauche isomers by scanning 
the wavelength of the second laser (oz) while the wave- 
length of the first laser (oi) was fixed at the the S, origin. 
Each spectrum in Fig. 4 is shown with the horizontal axis 
labeled as ‘ion internal energy.’ 
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FIG. 4. Two-color ( 1 + 1’) REMPI threshold photoelectron spectra ob- 
tained via the S, origins of n-propylbenzene in (a) truns and (b) gauche 
forms, showing their cation vibrational structures in the low-frequency 
region. Superscripts ( +) indicating the cation in the text are abbreviated 
in the spectra. 
The first bands of the threshold photoelectron spectra 
[(a) and (b)] in Fig. 4 should correspond to the ionization 
energies (lobs) which are given by the sum of wl and wi 
Iob=hvl+hvz. (2) 
In the tram isomer, Iobs values of 70 265 and 70 245 cm-’ 
were obtained at electric fields of E=4 and 25 V/cm, re- 
spectively, giving rise to a Stark effect correction 
I&trans) =70 278-6.7(E) l/2 In the gauche isomer, on . 
the other hand, Iobs values of 70 407 and 70 387 cm-’ were 
obtained at E=4 and 25 V/cm, respectively, giving rise to 
iob(gauche) =70 420-6.7(E)‘“. 
Therefore, the adiabatic ionization energies of the two 
isomers, extrapolated at zero electric field, are as follows: 
I,(trans) =70 278*8 cm-‘=8.7134~0.0010 eV, 
I,(gauche) =70 420&t cm-‘=8.7311~0.0010 eV. 
An energy level for the two isomers is shown in Fig. 5. 
The vibrational structure of the trans cation in Fig. 
4(a) consists basically of combination bands of the three 
low-frequency vibrational modes labeled as A+, B+, and 
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FIG. 5. Energy level diagram of tram and gauche n-propylbenzene. DO 
-meam the ground state of the cation, and I,, is the adiabatic ionization 
potential. 
tively. The vibrational structure of the gauche cation in 
Fig. 4(b) also consists of combination bands of four low- 
frequency modes which are labeled as P+, Qf, R +, and 
Sf, whose frequencies are 46, 73, 207, and 252 cm-‘, 
respectively. These low-frequency vibrational modes 
should involve not only the benzene ring but also the n- 
propyl group. These labels (A-C, PS’) showing the ob- 
served low-frequency modes are used hereafter in the 
present work, since there are no adequate terms for these 
modes unlike benzene ring modes. 
In the present REMPI experiments, the 6b’ vibronic 
levels of the tram and gauche S’ states were also selected as 
the resonant intermediate states. The resulting threshold 
photoelectron spectra of the two isomers are shown in Fig. 
6. They consist of several vibrational progressions which 
may be interpreted in terms of combination bands of the 
6bf ring modes with the low-frequency modes in the trans 
and gauche cations. 
In each of these cases, no bands were observable in the 
region below the 6bl + ’ band. This fact imp lies that most of 
Franck-Condon intensity on excitation of the S’ 6b’ level 
appears as excitation of the 6b+’ mode. In general, the 
Franck-Condon active vibrational modes in a molecular 
cation are the same as those excited in the neutral mole- 
cule, and it is clear that the spectra in Fig. 6 are consistent 
with a Au=0 propensity rule. 
Figure 7 shows a “REMPI photoionization efficiency 
curve” for production of the trans cation through the 5” 
6b’ level. It indicates that the Franck-Condon intensity 
ratio of the 6b+’ band to the 6b+’ band is approximately 
1: 10, in support of the Au=0 propensity rule. 
It would be interesting to clarify the nature of the low- 
frequency modes (A+, Bf, C+; Pf, Q+, R+, S+) ob- 
served for the trans and gauche cations. There is, however, 
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PIG. 6. Two-color (I+ 1’) MPI  threshold photoelectron spectra ob- 
tained via the S, 66’ levels of n-propylbenxene in (a) frun.r and (b) 
guuche forms, showing their cation vibrational structures. Superscripts 
( +) indicating the cation in the text are abbreviated in the spectra. 
little vibrational information available to assign these low- 
frequency modes. To assist this problem, normal mode 
analysis of the tram cation by ab initio calculations has 
been performed. The theoretical values derived for the low- 
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ION INTERNAL ENERGY (cm-9 
PIG. 7. Photoionixation efficiency curve obtained by two-color (1 + 1’) 
hIP1 through the St 66’ level of truns n-propylbenzene. The excitation 
laser was irradiated during the measurements. 
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PIG. 8. Two-color ( 1 + 1’) REMPI threshold photoelectron spectra ob- 
tained through the St origins of n-propylbenxene in (a) truns and (b) 
gauche forms, showing their cation vibrational structures in the higher 
energy region. Superscripts ( + ) indicating the cation in the text are 
abbreviated in the spectra. 
frequency modes (A+-@) of the tram cation are pre- 
sented later. 
C. Threshold photoelectron spectra in higher energy 
region 
Threshold photoelectron spectra recorded to higher 
energy than shown in Fig. 4 are presented in Fig. 8. The 
energy regions covered are 700-1500 cm-’ for the tram 
isomer and 500-1300 cm- ’ for the gauche isomer. In each 
case, these spectra were obtained by a ( I+ 1’) process 
through the S’i origin. The three vibrational bands appear- 
ing at 787, 833, and 964 cm-’ in the tram spectrum in Fig. 
8(a) can be attributed to the l$‘, 12$‘, and 18a,f’ vibra- 
tional levels of the tram cation on the basis of the results of 
ab initio calculations, which are described in the following 
section. 
These three observed vibrational frequencies corre- 
spond well to the ab initio frequencies, as illustrated by a 
linear relationship plotted in Fig. 9. In the neutral ground 
state of the tram isomer, the vibrational frequencies of the 
ring modes have been reported to be 8 19 cm-’ (mode 1 ), 
1013 cm-’ (mode 12), and 1039 cm-’ (mode 18a),5 and 
these values support the above vibrational assignments of 
the modes of the tram cation. 
Similarly, in the case of the gauche isomer, three vi- 
brational bands appearing at 803, 849, and 968 cm-’ in 
J. Chem. Phys., Vol. 97, No. 5, 1 September 1992 
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FIG. 9. Observed frequencies are plotted against the corresponding cal- 
culated frequencies for the several vibrational modes of the tram (n- 
propylbenzene) + cation, showing a good linear relationship. 
Fig. 8(b) may be attributed to the three ring modes l$‘, 
I@‘, and 18az’. 
It is difficult to compare band intensities between the 
threshold photoelectron spectra shown in Figs. 5 and 8, 
since different dyes were used in the low-energy and high- 
energy regions. 
The poor signal-to-noise ratio observed in Fig. 8 may 
suggest that most of the Franck-Condon intensity upon 
photoionization is shared by the low-frequency modes of 
the cations instead of the benzene ring modes. All the ob- 
served frequencies are summarized in Table I, together 
with their possible assignments. 
TABLE I. Vibrational assignments of the threshold photoelectron spectra 
of the tmns and gauche, obtained via their St origins (Be). 
M. Takahashi and K. Kimura: Cation vibrational spectroscopy 2925 
TABLE II. Calculated and experimental vibrational frequencies of the 
(tmns n-propylbenzene) + cation. 
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D. Ab inifio calculations 
( tmns n-propylbenzene) + (gauche n-propylbcnzene) + 
Frequency Frequency 
(cm-‘) Assignment (cm-‘) Assignment 
In the present work, normal mode analysis by ab initio 
calculations on the trans cation was carried out, in order to 
assign the observed low-frequency vibrational modes (A+, 
B+, and Cf ), and the benzene ring modes (66+, 1 ‘, 12+, 
and 18a+). All the ab initio calculations were carried out 
at the Computing Center in this Institute, by using STO- 
2G basis sets and the GAUSSIAN 82 program. The structure 
of the trans cation was determined by energy gradient op- 
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The resulting calculated frequencies are plotted against 
the experimental ones in Fig. 9, showing a good linear 
relationship. By least-squares fitting, a correction factor of 
0.915 for the computed values was obtained. Such correc- 
tion is necessary, since the calculations generally give rise 
to larger values than the experimental values because of 
neglect of electron correlation in the calculations. All the 
calculated frequencies, corrected by the factor of 0.9 15, are 
summarized in Table II, and compared with the experi- 
mental frequencies. It is seen from Table II that the calcu- 
lated frequencies coincide well with the experimental ones. 
Also, as seen from this table, all the Franck-Condon 
active vibrational modes observed in the threshold photo- 
electron spectrum of the trans form in Fig. 4(a) belong to 
the A’ symmetry. This strongly suggests that the initial 
assignment of the photoelectron spectrum Fig. 4(a)] to 
the trans cation is valid, since only the trans form has a 
symmetry plane. Therefore, the present assignments of the 
threshold photoelectron spectra to trans and gauche 
J. Chem. Phys., Vol. 97, No. 5, 1 September 1992 
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TABLE III. Summary of the observed vibrational frequencies of n- 
propylbenzene in the tmns and gauche forms. 




b Do (cation)’ 
Mode’ tmns gauche tmns gauche tram gauche 
A . . . .,. . . . . . . 82 ... 
B . . . . . . . . . . . . 212 1-1 
c . . . . . . . . . . . . 300 a-* 
; 
. . . .,. . . . . . . . . . 46 
. . . . , . . . . . . . . . . 73 
R . . . . . . . . . . . . . . . 207 
s . . . . . . . . . . . . . . . 252 
6b 624 **- 530 530 504 495 
1 819 .*- 768 ..* 787 803 
12 1013 .‘. 933 933 833 849 
18a 1039 .‘. 966 970 964 968 
‘Modes A-C and P-5’ are the low-frequency modes (see text). 
bFrom Ref. 5. 
‘The present work. 
isomers are consistent with the tentative assignment by 
Hopkins et al.’ in their excitation spectra. 
For the gauche cation, although geometry optimiza- 
tion with the STO-2G basis set was not successful, the 
low-frequency modes labeled as P’, Q+, R +, and S+ are 
considered to have almost the same characters as A+, B+, 
and C+ of the trans cation. The gauche cation, unlike the 
tram cation, should have no symmetry plane. This may be 
the reason why vibrational modes such as P+ (46 cm-‘) 
are observed for the gauche cation but not for the tram 
cation. 
All the observed vibrational frequencies of the low- 
frequency modes as well as the ring modes of the trans and 
gauche cations (Dc) are summarized in Table III. Com- 
parison is also made in this table with available frequencies 
of the neutral trans and gauche molecules in the Sr and Se 
states.’ 
The representation of all the observed vibrational 
modes of the trans cation are schematically shown in Figs. 
10 and 11. The low-frequency modes (A+, B+, and C’ ) of 
the trans cation are shown in Fig. 10, while the benzene 
ring modes (6b+, If, 12+, and 18a+) are shown in Fig. 
11. The three low-frequency modes in Fig. 10 are the vi- 
brations in which the molecular geometry is changed be- 
tween the n-propyl group and the benzene ring. Therefore, 
a considerable geometrical change is expected about the 
n-propyl group in the trans isomer on photoionization. 
The adiabatic ionization energy (70 278 cm-‘) of the 
trans isomer is 142 cm- ’ lower than that (70 420 cm-‘) of 
the gauche isomer. In contrast, the excitation energy 
(37 583 cm-‘) of the tram isomer is 49 cm-’ higher than 
that (37 534 cm-‘) of the gauche isomer. The geometry 
change of the n-propyl group on photoionization may be 
the key feature needed to explain this reversal of relative 
ionization energies and the S,+Se transition energies of 
these rotational isomers. 
(a> 
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FIG. 10. Schematic representation of the three observed low-frequency 
vibrational modes of the tram (n-propylbenzene) + cation: (a) A+, (b) 
B+, and (c) C+. 
IV. CONCLUSIONS 
In the present work, two-color (l+ 1’) REMPI 
threshold photoelectron spectroscopy has been successfully 
applied to study the trans and gauche cation radicals of 
n-propylbenzene in free jets, and the “pure” threshold pho- 
toelectron spectra of the two isomers have been separately 
obtained. The observed spectra of the trans and gauche 
cations show well-resolved vibrational structure, providing 
the new spectroscopic information about the cation vibra- 
tional modes especially in the low-frequency region. Adia- 
batic ionization energies for the two isomers have also been 
measured. 
For the tram and gauche cation, the seven and eight 
vibrational modes, respectively, have been successfully as- 
signed. With the aid of the ab initio calculations, all seven 





FIG. 11. Schematic representation of the four observed ‘benzene ring’ 
modes of the truns (n-propylbenzene)+ cation: (a) 6b’, (b) lc, (c) 12+, 
and (d) 18~~. 
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In the present work, separation of individual threshold 
photoelectron spectra of rotational isomers has been dem- 
onstrated for the first time. Such two-color REMPI thresh- 
old photoelectron spectroscopy experiments should be a 
powerful tool to perform cation vibrational spectroscopy 
on organic rotational isomers or structural isomers. 
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